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Introduction 


Recently,  it  has  been  suggested  that  Parkinson’s  Disease  (PD)  is  a  multi-faceted 
disease  (1),  that  is,  a  disease  not  based  on  a  single  cause,  but  based  in  many 
interacting  causes  such  as  genetics  (gene  alterations),  the  environment  (environmental 
toxins)  and  the  mitochondria  (mitochondrial  defects/alterations),  as  all  of  these  impact 
the  dopamine  (DA)  neurons  in  the  substantia  nigra  pars  compacta  (SNpc).  Loss  of  the 
DA  neurons  in  the  SNpc  is  considered  the  main  cause,  but  not  the  only  cause,  of  the 
behavioral  manifestions  of  PD  (1).  One  of  the  most  noted  and  still  unanswered 
questions  in  PD  research  is  why  are  some  subsets  of  DA  neurons  more  susceptible  to 
environmental  changes  than  others?  Recent  evidence  suggests  that  environmental 
defects,  such  as  those  found  in  mitochondria,  contribute  to  the  death  of  the  DA  neuron 
(2).  Mitochondria  are  the  powerhouses  of  the  cell  and,  as  such,  produce  the  energy 
necessary  for  the  cell  to  function  (3).  Movement  of  electrons  through  the  mitochondrial 
electron  transport  chain  (METC),  a  series  of  enzymes,  starts  with  proton  motive  force  at 
the  complex  I  site,  the  first  of  the  METC  series  of  enzymes.  Electrons  move  down  the 
chain  to  eventually  produce  ATP  (4).  However,  when  complex  I  is  compromised,  as  is 
reported  in  PD  (5)  and  demonstrated  in  the  MPTP  mouse  model  of  PD  (6),  mitochondria 
become  dysfunctional  as  mitochondrial  membrane  potential  collapses,  ATP  production 
is  reduced  and  protons  no  longer  travel  along  the  chain.  Thus,  the  neuron  experiences 
energy  crisis  and  respiratory  failure,  which  means  that  oxidative  phosphorylation  is 
compromised  and  there  is  an  increase  in  the  presence  of  the  superoxide  radical  (7). 

MPTP  is  the  tool  of  choice  for  modeling  PD  as  it  captures  almost  all  of  the  hallmarks  of 
PD.  MPP+,  the  toxic  metabolite  of  MPTP,  accumulates  in  the  mitochondria  via  the 
mitochondrial  transmembrane  potential  (8)  where  it  inhibits  complex  I  in  the  chain.  Since 
inhibition  at  the  complex  I  site  is  the  beginning  of  a  host  of  events  that  are  detrimental  to 
the  neuron,  this  area  of  the  mitochondrion  offers  several  possible  sites  for  therapies,  i. 
e.  the  complex  I  and  II  sites. 

Several  years  ago,  we  evaluated  the  use  of  ketone  bodies  as  secondary  sources  of 
energy  for  mitochondria  compromised  due  to  blockade  at  the  complex  I  site  of  the 
METC  (9).  In  this  early  study,  using  MPTP  as  the  stressor  and  inhibitor  at  the  complex  I 
site,  we  found  that  D-(B-hydroxybutyrate  (D(3HB),  a  ketone  body  normally  produced  by 
hepatocytes  and  astrocytes  and  infused  via  Alzet  pump,  protected  the  substantia  nigra 
pars  compacta  (SNpc)  dopamine  (DA)  neurons,  prevented  the  development  of  the 
motor  manifestations  of  DA  neuron  loss  and  enhanced  oxidative  phosphorylation,  all  by 
ramping  up  the  complex  II  (succinic  ubiquinone  oxidoreductase  dehydrogenase)  site 
(9).  Because  D(3HD  is  relatively  short  acting  compound,  small  changes  in  the  molecule 


might  increase  its  half-life  and  negate  the  use  of  the  Alzet  pump.  Furthermore 
compounds  similar  to  D(3HD  may  be  useful  in  the  treatment  of  PD. 


Body  of  Work 

The  goal  of  this  study  is  to  fully  assess  and  compare  the  potency  of  compounds  that  are 
structurally  related  to  D-(3-hydroxybutyrate,  (|30HB),  but  are  synthesized  to  be  longer 
acting.  Previously,  we  have  found  that  the  infusion  of  (3-OHB  to  MPTP-treated  mice 
protected  SNpc  DA  neurons  from  MPTP,  not  by  acting  against  the  MPTP-induced 
blockade  of  the  complex  I  site  of  mitochondria,  but  by  ramping  up  oxidative 
phosphorylation  via  a  mechanism  that  is  dependent  on  complex  II.  Thus,  in  SA  I,  we 
intend  to  assess  the  effects  of  the  new  compounds  on  mitochondria  extracted 
from  naive  mice  to  gauge  their  effects  on  a  number  of  normal  individual 
mitochondrial  functions  and  compare  these  effects  to  those  elicited  by  pOHB. 
Such  functions  include  ATP  production,  oxygen  consumption,  membrane  potential  and 
HDAC  activity.  SAM  is  to  be  done  in  the  MPTP  mouse  model  of  PD.  We  are  to 
compare  pump  dosing  versus  one  injection  per  day.  This  is  to  gauge  whether 
these  compounds  can  act  as  a  stabilizing  force  in  an  environmental  upheaval 
situation  like  PD. 


Key  Accomplishments 

Our  first  key  accomplishment  for  this  award,  and  this  is  indeed  major,  is  finally  receiving 
one  of  the  two  discussed  D(3HB-like  compounds.  The  compounds  to  be  studied  have 
been  quite  difficult  to  obtain  and  the  one  that  we  have  just  received,  Glycerol  tris(3- 
hydroxybutyrate  (G3HB),  arrived  on  April  13,  2011,  almost  an  entire  year  into  this 
award.  Through  various  contacts  and  through  meetings  with  Dr.  xxxx  Hashim,  a 
chemist,  who  contacted  several  chemists,  we  finally  obtained  the  G3HB  compound  from 
Dr.  Neil  Boaz,  a  green  chemist  at  the  Eastman  Chemical  Company  in  Kingsport, 
Kentucky.  The  received  compound  has  a  molecular  weight  of  350.36,  is  about  94%  pure 
and  is  water  soluble.  We  have  received  a  total  of  80  grams  (see  attached).  Delays  in 
getting  the  G3HB  to  us  were  unavoidable  as  this  compound  had  to  be  synthesized 
several  times  to  obtain  the  quantity  that  we  need  and  re-synthesized  several  times  to 
increase  its  purity.  We  are  still  in  negotiations  for  the  second  compound. 

Our  second  key  accomplishment  for  this  award  is  the  initiation  of  the  pilot  studies.  Prior 
to  the  start  of  our  pilot  study,  we  had  to  determine  whether  the  G3HB  was  indeed 
soluble  in  water-based  solutions  as  it  is  quite  viscous.  For  this  pilot  study,  we  have  just 
implanted  mice  (8  per  group  and  per  condition)  with  14  days  Alzet  pumps  containing 


either  1.6  mmol,  0.8,  0.4  and  0.2  mmol  G3HB,  1.6  mmol  D(3HB,  for  comparison  of  the 
proper  dose,  or  saline,  this  range  of  doses  being  based  on  doses  used  in  our  original 
study  (9).  Two  days  after  pump  implantation,  mice  (5  per  group)  are  to  receive  MPTP 
free  base,  18mg/kg  intraperitoneally  in  4  doses  over  8  hours,  each  dose  2  hours  after 
the  previous  dose  (as  per  our  original  protocol).  The  remaining  3  mice  per  group  are  to 
receive  saline  only  to  ascertain  the  effects  of  G3HB  on  the  DA  neurons  in  the  SNpc. 
These  mice  are  to  be  perfused  at  seven  days  after  the  last  injection  of  MPTP,  their 
brains  removed  and  processed  for  tyrosine  hydroxylase  (TH)  immunostaining.. 


Reportable  Outcomes 

There  is  nothing  yet  to  report. 


Conclusion 

None,  as  we  have  no  data. 
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